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Nulnt05 Session 2 Summary: New Experimental Results 
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We summarize the discussion and presentation of new experimental results in low energy neutrino scattering 
at the NuIntOS workshop. In addition, we comment on several investigations that we would like to see targeted 
in preparation for the next Nuint workshop. 



1. New Experimental Results 

We were fortunate that all of the presentations 
in the Nulnt05 second session showcased new 
or updated experimental results from a variety 
of experiments. In the case of charged current 
(CC) single 7r+ production, this included the 
first experimental measurement of CC coherent 
pion production at low energy in the K2K SciBar 
detector ^ and the first measurement of the 
ratio of CC Itt"*" to CC quasi-elastic (QE) cross 
sections on a nuclear target at low energy from 
MiniBooNE g]. NOMAD presented their new 
measurements of both QE and inclusive CC cross 
sections on carbon In addition, MINOS just 
started taking beam data a few months before the 
workshop and presented their first near detector 
neutrino event distributions @]. In the neu- 
tral current (NC) sector, K2K reported the first 
observation of neutrino-induced photons from 
nuclear de-excitation with the goal of measuring 
a NC elastic/QE cross section ratio on water H]. 
The session ended with presentation of the first 
QE neutrino data in liquid argon from exposure 
of the small ICARUS prototype detector in the 
CERN WANE beam 0. 

In many cases, these presentations added data 
in new energy regions or on new target materi- 



als. While we are clearly benefitting from this 
new data, these results certainly raise new ques- 
tions. Many of these questions can be answered 
with data that is currently in hand or that will 
be collected in the near future. To ensure fur- 
ther progress and resolution of these questions, 
we present the issues and questions to address in 
the next NuInt workshop. 

2. Low Q2 (q2 < Q 2 GeV2) 

Since the beginning of the NuInt workshop 
series, we have seen significant and persistant 
disagreement at low between model predic- 
tions and data from multiple experiments. This 
is perhaps not very surprising as this is the region 
where nuclear corrections are largest and most 
challenging to model. 

Throughout the course of the NuInt work- 
shops, we have learned that both the K2K and 
MiniBooNE data samples exhibit very similar 
behavior; also, a larger low deficit is observed 
in single pion than in QE data. We propose a 
detailed, quantitative comparison between the 
low behavior in all of available CC exclusive 
samples on various targets and from multiple 
experiments. This includes comparisons between 
QE, non-QE, and exclusive CC l7r+, CC In", 
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and CC multi-7r data. It would also be interest- 
ing to compare the K2K and MiniBooNE ^^C 
and ^^O data to data on heavier targets such as 
sepe (MINOS) and ^o^pb (CHORUS). 

At this workshop, K2K presented new re- 
sults T indicating that CC coherent 7r+ pro- 
duction cross secton calculations are much too 
large, hence explaining the observed deficit of 
data events at low . This analysis selects a 
coherent-rich sample by requiring events have low 
Q^, < 0.1 GeV^, and by removing events con- 
sistent with QE kinematics or which have extra 
activity at the vertex. While evidence from the 
K2K analyses is compelling, it is important to 
definitively settle the low issue with comple- 
mentary data. This includes supporting evidence 
from other kinematic distributions (e.g., cos^jr, 
and t) as well as cross-checks against CC Xifi data 
where there is no expected coherent scattering 
contribution. In addition, we propose an explicit 
search for CC coherent pion production in ex- 
isting data from MiniBooNE, to be compared to 
the K2K results. 

Another interesting avenue of investigation is 
to check, with present data, whether we can claim 
consistency between observed levels of coherent 
pion production in both of the CC 7r+ and NC 
tt" data samples or whether we are seeing dif- 
ferences between NC and CC coherent pion pro- 
duction. Pinally, antineutrino coherent pion pro- 
duction is also of great interest because coherent 
pion production cross sections are predicted to 
be similar for neutrino and antineutrino scatter- 
ing, and therefore such a deficit should be even 
more pronounced in antineutrino single pion data 
where resonance pion production backgrounds are 
smaller. 

3. QE Scattering 

While we are enjoying the arrival of new, higher 
statistics QE data from K2K, MiniBooNE, and 
NOMAD, is it really clear that we better un- 
derstand QE scattering on nuclear targets as a 
result? At this workshop, it was pointed out that 
K2K and NOMAD are extracting significantly 



different axial- vector mass (Js/Ia) parameters from 
a dipole fit to the QE axial form factor. To assess 
how meaningful these differences are, it is imper- 
ative that we establish a common formalism with 
which to directly compare experimental results. 
With identical nuclear models and modern vector 
form factors ^7^, we need to reassess the range 
of Ma values extracted from modern QE data 
on a variety of targets (^^c, ibq, ^^kx). 
What impact do different levels of backgrounds, 
efficiencies, and selection biases have on these 
results? How do the results obtained from rate 
versus shape {da/dQ^) fits compare? What do 
similar fits to single pion distributions yield for 
Ma? 

Can more information be added? Is there any- 
thing to be gained by refitting old neutrino data 
on heavy targets? What are the prospects for 
MiniBooNE antineutrino QE data and Ma fits? 
Can similar fits be performed on ^^Pe at MI- 
NOS 0] or with liquid argon data 0? The cur- 
rent state of affairs demands a concerted effort to 
reassess QE (and more specifically, axial-vector) 
parameters measured from modern heavy target 
data. 

4. New Data 

We also encourage the collection of new data 
sets. It is also important that we continue to build 
up our body of knowledge on low energy neu- 
trino cross section by adding new experimental 
data. This new data may, of course, help clarify 
some of the questions being raised by the current 
datasets or have the potential to raise new ones. 
Specifically, CC Itt^ data can aid in disentangling 
resonant and coherent pion production at low . 
Studies of coherent scattering at MINERvA [H] 
and theoretical studies 9 indicate that kinematic 
separation of resonant scattering from coherent 
scattering may be easier at higher energies. Sam- 
ples of Ve QE interactions serve as a direct check 
of the predicted da j dQ^ distributions in v^, versus 
i^^ events. Also, any new information on antineu- 
trino scattering and scattering from other nuclear 
targets at both higher and lower A than carbon 
or oxygen are, of course, always welcome. 
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5. New Theoretical Models 

It is essential that we maintain a continued ef- 
fort to pit modern neutrino data against mod- 
ern theoretical models. Theories advance most 
quickly when confronted with data on an equal 
footing. At this workshop, we have seen many ex- 
amples of new theoretical calculations that could 
help experimentalists move beyond their anti- 
quated Fermi Gas and Rein-Sehgal based Monte 
Carlos. At the same time, experiments need ac- 
tual code as well as guidance on how to implement 
new theoretical predictions in regions where they 
are valid. To move forward, we encourage contin- 
ued communication between theorists and exper- 
imentalists toward this end. 

6. Conclusions 

We challenge the next Nuint workshop to ex- 
plicitly target the questions being raised by cur- 
rent experimental data. Specifically: 

• How well do we understand the axial- vector 
form factor contribution to QE and reso- 
nant scattering? 

• Do we have a consistent framework to com- 
pare results from different experiments? 

• Do we truly understand the behavior at low 
Q"^ in all of our data samples? 

• Do we see any obstacles to incorporating 
new theoretical calculations into our exper- 
imental descriptions? 

• Are there any other data samples that 

should be studied in addition to those that 
have been reported in this and previous 
NuInt workshops? 

We hope that we can continue to make progress 
by isolating new data samples and working to- 
ward detailed comparisons between various ex- 
perimental results. It is clear that we need to 
forge ahead on all fronts in order to fully clarify 
these remaining issues. 
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